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ON THE FISHES AND FISHERIES OF LAKE BARINGO
-
the Eastern Rift Valley was occupied by the
vast Lake Kamasia, which drained through
the Sugota river, then Lake Baringo might
be expected to possess a nilotic fauna like
that of Lake Rudolf. This theory has since
been discounted partly because Lake Kamasia
is now considered to have been less extensive
and partly because Lake Baringo has only
T. nilotica in common with Lake Rudolf.
The purpose of the 1969 survey was to
study the fish resources of Lake Baringo
using gillnets and beach seine nets. During
that survey two more fish species were
identified: Aplocheilichthys sp. and Barbus
lineomaculatus. The subsequent fisheries sur-
veys focused on obtaining information on size
distribution sex, gonad condition and feeding
habits of the exploitable stocks. The chief
significance of the analysis was to measure
the dynamic properties of the populations,
INTRODUCTION
ABSTRACT
Six fish species are known to occur in Lake Baringo. Tilapia nilotica Linnaeus
1757, Bat'bus gregorii Boulenger 1902, Clarias mossambicus Peters 1852 and
Labeo cylindricas Peters 1852 were recorded in 1930-31. In 1969, two more
fish species were identified: Aplocheilichthys sp. and Barbas Iineomacalatus
Boulenger 1903.
T. l1i1otica is the only fish species commercially exploited. But the catches,
catch per unit effort and the mean size of fish caught in commercial gillnets
have declined since 1968. B. gregorii is important in the subsistence rod-and-line
fishery. L. cylindricus, C. mossambiCIIs, B. lineomaculatas and, Aplochelichthys
sp. are not commercially exploited.
Lake Baringo is situated in the eastern
Rift Valley of East Africa, at an altitude
of 965 metres. It has several volcanic islands
which are remnants of an early Pleistocene
volcano (BEADLE 1932).
The Cambridge expedition to the East
African lakes in 1930-3l recorded only
4 species of fish from Lake Baringo and its
affiuents: Tilapia nilotica Linnaeus 1852
1757, Barbus gregorii Boulenger 1902 Clarias
mossambicus Peters 1852 and Labeo cylindricus
Peters 1852 (WORTHINGTON E. B. and
C. K. RICARDO 1936). WORTHINGTON
(1932) reports that in the first (Kamasian)
pluvial period all the Kenya Rift Valley lakes
from Lake Baringo to Lake Magadi were
united. WORTHINGTON and RICARDO
(1936) commented that since this segment of
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a n d n o w h e r e e x c e e d s 7 . 5 m . F i g . I s h o w s
t h e s h a p e o f t h e l a k e , t h e v o l c a n i c i s l a n d s
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Figure I. A Map of Lake Baringo Showing the Islands and the Affluent Rivers.
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Figure 2. The Percentage Frequency Distribution of T. ni/orico in the 38.1-88.9 mm Gillnets.
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included benthic diatoms zooplankton and
globular colonial algae, weed fragments
and some small plant seeds. Invertebrate
material included thin cuticles of chironomid
larvae and thick chitinous remains of
aquatic insects. Fish bones were noted in
4 large B. gregorii with standard length
of 24.0-31.0 cm.
Barbus lineomaculatus Boulenger 1903
MANN (1971) comments on the identi-
fication of B. lineomaculatus recorded for
the first time from the basins of lakes Baringo
and Hannington. JACKSON (1961) notes
that B. lineomaculatus is extremely wide-
spread and variable over its range from
East Africa to the sub-tropical regions of
the Transvaal and Natal.
B. lineomaculatus is small and commercially
unimportant. The standard length of the
specimens caught in experimental gillnets
ranged from 1.8 to 6.6 cm. B. lineomaculalus
is abundant in the lower reaches of the
affluent rivers and only a few specimens
were caught in the open lake.
Labeo cylindricus Peters 1852
WORTHINGTON and RICARDO (1936)
identified Labeo specimens from Lake Baringo
and the Weseges river (Hannington basin)
as L. cylindricus. Labeo is sparingly distri-
buted over the lake and occurs in the lower
reaches of the affiuent streams.
No Labeo was caught in the 1OJ.6 mm
gill nets used by the commercial fishermen.
But high catches of this species were obtained
in bottom set 38.1 mm gillnets along the
rocky shores of Parmalok island.
Clarias mossambicus Peters 1852
In 1969 specimens of C. mossambicus
were collected from Lake Baringo and its
affiuents. No critical taxonomic examination
was made on the specimens collected, but
WORTHINGTON and RICARDO (1936)
contended that they were C. mossambicus
which is widely distributed in East Africa.
C. mossambicus in Lake Baringo teeds
on aquatic weeds, zooplankton, bivalve
moll uses and larvae of coleoptera, hemiptera
and odonata. One specimen of Clarias
434 mm long contained a Tilapia of 121 mm
standard length. There was not enough
data to enable determination of the condi-
tion factor for C. mossambicus but it was
generally observed that most adult Clarias
were in poor condition with very large
heads and remakably emacited bodies. Be-
cause of its poor condition and low density,
C. mossambicus has no commercial value.
Aplocheilichthys sp.
MANN (1971) discusses the identification
of the Cyprinodont genus collected during
the 1969 survey. Several hundred specimens
of Aplocheilichthys ranging 1.4 to 2.1 cm
(standard length) were collected from minor
rapids, shallow pools and muddy backwaters
at the Perkerra barrage on the Tiggeri
(Bargera) river, Aplocheilichthys were also
taken at the Molo crossing south of Parkerra
and further downstream at Longumkum.
Within Lake Baringo, a number of specimens
ranging from 1.7 to' 2.5 cm (standard length)
were collected from stagnant swampy pools
among thick stands of Typha nea.r Kampi-ya-
Samaki.
Tilapia nilotica (Linnaeus) 1757
TREWAVAS (1933) identified Tilapia from
Lake Baringo as T. nilotica. During the 1969
survey no other species of Tilapia was
identified. In 1969, gill nets of mesh size
ranging from 38.J mm to 127.0 mm were
set in various localities of the lake. The
catch of T. nilotica was higher in the deep
offshore waters. In open water, bottom set
gillnets caught twice as many fish as in
the surface set gillnets.
T. nilotica in Lake Baringo grow to a smaller
size than T. nilotica in several other East
African lakes (LOWE 1958, GREENWOOD
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1 9 6 6 ) . T h e l a r g e s t T . n i l o t i c a r e c o r d e d b y
W O R T H I N G T O N a n d R I C A R D O ( 1 9 3 6 )
w a s 3 6 . 0 c m ( t o t a l l e n g t h ) . D u r i n g t h e 1 9 6 9
s u r v e y , t h e l a r g e s t T . n i l o t i c a e n c o u n t e r e d
w a s 3 5 . 8 c m ( t o t a l l e n g t h ) a n d w e i g h e d
7 9 4 g m .
S y s t e m a t i c s a m p l i n g w i t h g i l l n e t s o f v a r i o u s
m e s h s i z e h a s b e e n c o n d u c t e d o n t h e l a k e
s i n c e 1 9 6 9 . T h e c a t c h i n n u m b e r s i n g i l l n e t s
o f m e s h s i z e g r e a t e r t h a n 8 8 . 9 m m w a s t o o
s m a l l t o g i v e r e l i a b l e l e n g t h f r e q u e n c y
d i s t r i b u t i o n s . T h e p e r c e n t a g e l e n g t h f r e -
q u e n c y d i s t r i b u t i o n o f T . n i l o t i c a i n t h e
v a r i o u s 3 8 . J - 8 8 . 9 m m g i l l n e t s a r e g i v e n i n
F i g . 2 . T h e m o d a l l e n g t h o f T . n i l o t i c a
c a u g h t i n t h e 3 8 . 1 - 7 6 . 2 m m g i l l n e t s i s l e s s
t h a n 1 8 c m . T h e m o d a l l e n g t h i n t h e 8 8 . 9 m m
g i l l n e t s i s 1 8 c m . S i n c e t h e l e n g t h a t f i r s t
m a t u r i t y f o r 1 ' . n i l o t i c a i s 1 8 c m , o n l y f i s h
l a r g e r t h a n t h i s " u s e f u l s i z e s h o u l d b e h a r v e s -
t e d .
T h e g r o w t h c h a r a c t e r i s t i c s o f T . n i t o t i c a
i n L a k e B a r i n g o a r e u n k n o w n . I n L a k e
G e o r g e , t h e m a x i m u m l e n g t h ( L r o ) i s
4 0 c m a n d t h e a v e r a g e l e n g t h o f f i r s t m a t u r i t y
( 1 m ) i s 2 8 c m . I n L a k e R u d o l f L r o = 6 4 c m
a n d 1 m = 3 9 c m ( S S E N T O N G O 1 9 7 1 . )
T h e s m a l l T . n i t o t i c a o f L a k e B a r i n g o w i t h
a m a x i m u m l e n g t h o f 3 6 c m a r e a b o u t
1 8 c m a t f i r s t m a t u r i t y . H O L T ( 1 9 6 2 )
f o u n d c o r r e l a t i o n s b e t w e e n t h e r a t i o I m l L r o
a n d t h e g r o w t h r a t e ( K ) . F i s h w i t h a h i g h
g r o w t h r a t e h a v e a l o w I m l L r o a n d m a t u r e
a t a s m a l l e r s i z e w h i l e f i s h w i t h a l o w K
m a t u r e a t a b i g g e r s i z e . F o r T . n i l o t i c a
o f L a k e B a r i n g o t h e r a t i o I m l L r o i s l o w
( l m i L r o = 0 . 5 ) I t c a n t h e r e f o r e b e i n f e r r e d
t h a t t h e g r o w t h r a t e o f T . n i t o t i c a o f t h i s l a k e
i s h i g h .
S e v e r a l f a c t o r s m a y b e r e s p o n s i b l e f o r
t h e s m a l l s i z e o f T . n i l o t i c a i n L a k e B a r i n g o .
L O W E ( I 9 5 8 ) s u g g e s t s t h a t a n a d e q u a t e
f o o d s u p p l y i s a f a c t o r o f m a j o r i m p o r t a n c e
a n d t h a t e p i p h y t i c d i a t o m s a r e a n i m p o r t a n t
i t e m i n t h e d i e t o f t h i s s p e c i e s . I n L a k e
B a r i n g o w i t h l i t t l e a d e q u a t e v e g e t a t i o n ,
t u r b i d w a t e r a n d n o t . e n o u g h t e p i p h y t i c
d i a t o m s , T . n i l o t i c a c o u l d f a i l t o a t t a i n a
l a r g e s i z e .
C O N T R O L O F F I S H I N G
L a k e B a r i n g o i s a f e r t i l e l a k e o n w h i c h
a c o m m e r c i a l g i l l n e t f i s h e r y s t a r t e d i n 1 9 4 6 ,
p r i o r t o w h i c h f i s h i n g h a d b e e n c o n d u c t e d
w i t h r o d a n d l i n e o n l y . I n 1 9 4 6 a c a t c h
l i m i t o f o n e t o n o f T i l a p i a a n d B a r b u s
a d a y w a s s e t b u t n o c a t c h l i m i t a t i o n w a s
p l a c e d o n C l a r i a s a n d L a b e o . B y 1 9 4 9 ,
t h e r e w e r e e i g h t l i c e n c e d f i s h e r m e n e a c h
u s i n g t h r e e g i l l n e t s . T h e r e w a s a n a d d i t i o n a l
1 2 g i l l n e t s b e i n g u s e d b y t h e L o c a l N a t i v e
C o m m i s s i o n . I n 1 9 5 0 , t h e c a t c h p e r n e t w a s
1 0 f i s h a n d t h i s d r o p p e d t o 4 f i s h i n 1 9 5 1
A s t h e c a t c h r a t e d r o p p e d , s o m e f i s h e r m e n
l e f t t h e f i s h i n g b u s i n e s s a n d c o n s e q u e n t l y
t h e f i s h i n g e f f o r t d e c l i n e d . T h i s r e d u c t i o n
i n f i s h i n g e f f o r t , c o u p l e d w i t h t h e p r e s e n c e
o f a l a r g e n u m b e r o f T i l a p i a b e l o w t h e
s e l e c t i o n r a n g e o f t h e c o m m e r c i a l g i l l n e t s
r e s u l t e d i n a r i s e o f t h e c a t c h r a t e t o 1 5 . 4 f i s h
p e r n e t b y 1 9 5 2 .
B e t w e e n 1 9 5 2 a n d 1 9 5 6 t h e e x i s t e n c e
o f t h e M a u - M a u e m e r g e n c y l a w s c u r t a i l e d
a l l f i s h e r i e s d e v e l o p m e n t o n L a k e B a r i n g o
I n 1 9 5 7 , t h e L a k e B a r i n g o F i s h e r i e s C o n t r o l
b y - l a w s w e r e p a s s e d b y t h e D i s t r i c t C o u n c i l .
S i n c e t h e l a k e h a d m o r e o r l e s s b e e n c l o s e d
t o f i s h i n g f o r a p e r i o d o f 4 y e a r s , t h e c a t c h
r a t e i G 1 9 5 7 w a s h i g h b e i n g 2 8 f i s h p e r
n e t p e r n i g h t . T h i s c a t c h r a t e d r o p p e d t o
2 4 f i s h i n 1 9 6 0 . W i t h a r e d u c t i o n i n c a t c h
r a t e , t h e f i s h e r m e n a b a n d o n e d u s i n g t h e
1 0 1 . 6 m m g i l l n e t s a n d r e s o r t e d t o u s i n g
8 8 . 9 m m g i l l n e t s s o a s t o m a i n t a i n a h i g h
c a t c h i n n u m b e r s .
T h e c o l l e c t i o n o f c o m p r e h e n s i v e d a t a
o n f i s h i n g e f f o r t , c a t c h e s a n d f i s h l a n d i n g s
b e g u n i n 1 9 6 6 . T h e c a t c h d a t a f o r t h e p e r i o d
O c t o b e r 1 9 6 6 t o M a y 1 9 6 9 h a v e b e e n
a n a l y s e d . F i g . 3 s h o w s d e t a i l s o f t h e n u m b e r
o f f i s h l a n d e d a t t h e l a k e s h o r e . T h e n u m b e r
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FISHES OF LAKE BARINGO 103
of T. nilotica landed (given in thousands)
completely dominated the catch and the
catches of B. gregorii and C. l110ssambieus
(given in hundreds) are purely incidental.
In December 1966, the catch of Titapia
rose to 80,000 fish but dropped to 50,000
in February 1967. By May 1967, the catch
had risen to 95,000 Titapia. During the
period, May 1967 to April 1968, the catch
fluctuated between 80,000 and 50,000 fish
per month as shown in Fig. 3. Between
September 1968 and December 1968 there
was an increase in fishing effort and adequate
yields were obtained. In January 1969,
the Titapia catches dropped sharply despite
a continued rise in fishing effort shown as
net nights (Fig. 3).
The catch per net for T. nito/iea was
6 fish in October 1966 and this rose to 30
fish in February 1967. Between February 1967
and June 1968, the catch per net of T.
nito/iea fluctuated between 24 and 30 fish.
Between July 1968 and May 1969, the catch
per net dropped but did not fall below
6 fish (Fig. 4). In October 1966, the catch
per net of B. gregorii was 1.7 fish and this
had dropped to 0.35 fish in February 1967
(Fig. 4). It is also shown in Fig. 4 that the
catch per net of C. mossambicus was less
than 0.3 fish during the period October
1966 to May 1969.
RUSSELL (1931) represents the simplest
formulation of the modern theory of fishing.
S2 =Sj + (A + G) - (C + M)
where S j and S2 represent the stock in
successive years, A recruitment, G growth,
C and M catch and mortality respectively.
This is a useful symbolism facilitating dis-
cussion of the effect of fishing upon stocks.
An exploited stock loses members by natural
deaths and by the catch which man takes.
This stock is replenished by recruitment
from smaller size groups or young age
groups and by growth of fish which have
entered the exploitation phase,
Freshwater fishes have comparatively short
life spans. The growth rate is a vital variable
in the adjustment of a stock to fishing pres-
sure. Use of 88.9 mm gillnets and other
gillnets of smaller mesh sizes resulted in
the capture of smaller size groups. This
affected the Titapia stock through red uction
of recruitment and growth. Note that the
modal length in the 88.9 mm gillnets is
18 cm (the size at first maturity).
DISCUSSION
It is a common experience in fisheries'
management that increasing the fishing
effort results in a red uction in catch per
unit effort and the size of fish being caught.
The relaxation of fishing effort during the
Mau-Mau emergency allowed the stocks
to build up. When commercial fishing
resumed in 1957, the catch per net was
28 fish but this dropped to 13 fish in 1960.
The analysis of catch data showed a drop
of the catch and catch rate of T. nilo/iea
during the late 1968. This would imply
that the density of adult Tilapia was dimin-
ishing and that overfishing might have
begun. However, 'despite increased fishing
efforts for Titapia at the beginning of 1969,
the catch rate rose again. The rise in catch
rate indicates that the previous decline in
catch and catch rate was not a result of
overfishing but was due to some fI uctuation
in adult stock possibly caused by some
previous poor year classes.
What is not readily understood is why
the size of fish species like T. nilo/iea become
smaller with increasing fishing effort. The
decrease in size of some fish species with
increased fishing pressure is really a function
of their growth patterns. Some fish grow
much during their exploitable life span,
if their lives are shortened by fishing the
mean size of fish become smaller. The
mean size of fish in the catch can be improved
by reducing the fishing effort, But the diffi-
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A C K N O W L E D G E M E N T S
I w i s h t o e x p r e s s m y t h a n k s t o M r . M a n n M . J .
( F A a / U N , P r o j e c t d e R e c h e r c h e s e t d e D e v e l o p m e n t
d e l a p e c h e , B u j u m b u r a , B u r u n d i ) f o , h i s c o n t r i b u t i o n
t o t h i s s t u d y .
I a m v e r y g r a t e f u l t o P r o f e s s o r M . H y d e r ( D e p a r t -
m e n t o f Z o o l o g y , U n i v e r s i t y o f N a i r o b i ) f o r c r i t i c a l l y
r e a d i n g t h e m a n u s c r i p t a n d o f f e r i n g u s e f u l s u g -
g e s t i o n s .
f i c a n t i n t h e c o m m e r c i a l g i l l n e t f i s h e r y .
T h e h o o k e r s c a t c h o f B . g r e g o r i i h a s
b e e n o n t h e d e c l i n e s i n c e 1 9 6 6 . T h e
c a t c h p e r n e t a l s o d r o p p e d f r o m 1 . 7
f i s h i n 1 9 6 6 t o l e s s t h a n 0 . 4 f i s h i n 1 9 6 9 .
( 3 ) L . c y l i n d r i c u s i s n o t c o m m e r c i a l l y e x p o i -
t e d . M a t u r e L a b e o a r e c a u g h t i n g i l l n e t s
o f m e s h s i z e ( 3 8 - 5 1 m m ) s e t a l o n g t h e
r o c k y s h o r e s o f t h e i s l a n d s e s p e c i a l l y
P a r m a l o k i s l a n d .
( 4 ) C . m o s s a m b i c u s o c c u r s i n l o w n u m b e r s
a n d m o s t a d u l t f i s h a r e v e r y t h i n a n d
t h e r e f o r e o f n o c o m m e r c i a l v a l u e .
( 5 ) A p l o c h e i l i c h l h y s s p . a n d B . l i n e o m a c u -
c u l a l u s h a v e n o c o m m e r c i a l v a l u e b u t
t h e s e f i s h s p e c i e s a r e p r o b a b l y i m p o r t a n t
i n t h e f o o d c h a i n o f t h i s s m a l l l a k e .
( 6 ) T . n i l o t i c a i s t h e o n l y f i s h s p e c i e s c o m m e -
r c i a l l y e x p l o i t e d . T h e c a t c h e s , t h e c a t c h
p e r n e t a n d t h e m e a n s i z e o f f i s h
c a u g h t i n t h e c o m m e r c i a l g i l l n e t s h a v e
b e e n o n t h e d e c l i n e s i n c e 1 9 6 8 . T h i s
s t r o n g l y s u g g e s t s o v e r J 1 s h i n g . G i l l n e t s o f
m e s h s i z e l e s s t h a n 8 8 . 9 m m s h o u l d n o t
b e u s e d i n t h e T i l a p i a f i s h e r y .
( 7 ) T h e T i l a p i a f i s h e r y o f L a k e B a r i n g o
i s p r o s e c u t e d e x c l u s i v e l y b y g i l l n e t s .
A s s u m i n g t h e T i l a p i a p o p u l a t i o n i s
h o m o g e n e o u s a n d e f f o r t i s p r o p o r t i o n a l
t o t h e r a t e o f f i s h i n g , t h e T i l a p i a f i s h e r y
c o u l d b e m a n a g e d o n t h e b a s i s o f
c a t c h p e r u n i t e f f o r t d a t a . A n y f i s h
f i s h s m a l l e r t h a n t h e l e n g t h a t f i r s t
m a t u r i t y s h o u l d n o t b e c a u g h t . A t t e n t i o n
s h o u l d a l s o b e f o c u s s e d o n c h a n g e s i n
t h e m e a n s i z e o f t h e c a t c h r e s u l t i n g
f r o m c h a n g e s i n f i s h i n g i n t e n s i t y .
( 1 ) S i x f i s h s p e c i e s a r e k n o w n t o o c c u r
i n L a k e B a r i n g o : T i l a p i a n i l o t i c a , B a r -
b u s g r e g o r i i , B a r b u s l i n e o m a c u l a l u s ,
L a b e o c y l i n d r i c u s , A p l o c h e i l i c h t h y s s p .
a n d C l a r i a s m o s s a m b i c u s .
( 2 ) B . g r e g o r i i i s i m p o r t a n t i n t h e s u b -
s i s t e n c e r o d - a n d - l i n e f i s h e r y a n d i n s i g n -
1 0 4 G . W . S S E N T O N G O
S U M M A R Y
c u l t y i n m a n a g e m e n t l i e s i n l o c a t i n g t h e
o p t i m u m f i s h i n g i n t e n s i t y w h i c h g i v e s t h e
l a r g e s t c a t c h .
T . n i l o t i c a i s t h e o n l y f i s h s p e c i e s t h a t i s
c o m m e r c i a l l y e x p l o i t e d . O n e w a y o f f i n d i n g
o u t t h e m a x i m u m s u s t a i n a b l e y i e l d w o u l d
b e t o s t e a d i l y i n c r e a s e t h e f i s h i n g e f f o r t
u n t i l t h e g r e a t e s t y i e l d i s o b t a i n e d . T h e
f i s h i n g e f f o r t c o u l d t h e n b e h e l d s t e a d y w h i l e
c h e c k i n g t h e c a t c h p e r u n i t e f f o r t . I f t h e
c a t c h p e r u n i t e f f o r t d r o p s , t h e f i s h i n g e f f o r t
s h o u l d b e r e d u c e d u n t i l a s t e a d y c a t c h
r a t e i s l o c a t e d .
T h e r e a r e s o m e d i f f i c u l t i e s i n a p p l y i n g
t h i s p r o c e d u r e t o t h e m a n a g e m e n t o f L a k e
B a r i n g o T i l a p i a f i s h e r y . T h e o p t i m u m c a t c h
o c c u r s a t a p o i n t w h e r e a s m a l l i n c r e a s e
i n f i s h i n g e f f o r t p r o d u c e s v e r y l i t t l e i n c r e a s e
i n t o t a l y i e l d . T h e r e c o u l d b e a t i m e l a g o f
a b o u t t w o y e a r s b e f o r e o n e d e t e c t s t h e
e f f e c t s o f o v e r f i s h i n g o n r e c r u i t m e n t . B e s i d e s ,
t h e l e v e l o f f i s h p r o d u c t i o n o f t h i s s m a l l
l a k e i s v a r i a b l e a n d a l s o d e p e n d e n t o n t h e
p r e v a i l i n g c l i m a t i c r e g i m e . T h u s , c h a n g e s
i n c a t c h e s a n d c a t c h p e r u n i t e f f o r t a r e
a r e s u l t o f a c o m b i n a t i o n o f t h e v a r y i n g
f i s h i n g i n t e n s i t y a n d s o m e c o m p l e x n a t u r a l
f a c t o r s .
S i z e o f m a t u r a t i o n i s a v i t a l p a r a m e t e r i n
m a n a g e m e n t o f f i s h p o p u l a t i o n s . R U S S E L L
( 1 9 3 1 ) a n d G R A H A M ( 1 9 3 5 ) s t r e s s t h e
i m p o r t a n c e o f " a l l o w i n g f i s h t o g r o w "
b e f o r e c a t c h i n g t h e m . G i l l n e t s o f m e s h
s i z e s l e s s t h a n 8 8 . 9 m m s h o u l d n o t b e u s e d
i n t h e f i s h e r y a s t h e y c a p t u r e i m m a t u r e
f i s h .
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Finally, J wish to thank the Director and staff of
EAFFRO for contributing in various ways to this
study.
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